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INTRODUCTION 


Interferons  are  a group  of  proteins  that  were  originally 
described  as  being  produced  in  response  to  virus  infections  and 
acting  by  making  virgin  cells  refractory  to  virus  infection'^?t‘r^T~ 

It  has  recently  become  apparent  that  interferons  are  much  more  com- 
plex than  originally  as  described , There  are  now  several  types 
of  interferons*^-.  Alpha  interferon  is  primarily  produced  by 
leukocytes  in  response  to  virus  or  double-stranded  RNA-( poly riboino- 
sinic-polyribocytidylic  acid=poly  I:C).  Beta  interferon  is  primar- 
ily produced  by  fibroblasts  in  response  to  virus  or  poly  I : C . 
Therefore,  unless  purified,  interferon  produced  by  fibroblasts  after 
poly  I : C challenge  contains  a minor  alpha  component  and  a major  beta 
component.  Gamma  (type  II  immune)  interferon  is  produced  as  a 
lymphokine  as  part  of  an  immune  response  of  lymphoid  cells  to  anti- 
gen or  mitogen.  Alpha  and  beta  interferons  appear  to  have  some 
structural  and  functional  similarities  but  gamma  interferon  appears 
to  be  a distinct  entity*^i 


Interferons  have  also  peen  shown  to  have  several  additional 
activities  in  addition  to  the  originally  described  antiviral  activ- 
ity^’4). These  include  regulation  of  cell  growth  and  division, 
regulation  of  immune  responses,  and  cytotoxicity  to  tumors  and  tumor 
cells^’4).  As  a result  of  these  activities,  the  use  of  interferons 
in  clinical  anti-cancer  trials  is  now  being  actively  pursued^). 


Since  interferons  may  be  involved  in  defenses  against  tumors, 
it  was  of  interest  to  study  the  interactions  between  interferons 
and  carcinogens.  Several  workers  had  suggested  that  carcinogens 
could  inhibit  the  induction  of  interferon,  while  closely  matched, 
poorly,  or  non-carcinogenic  analogues  had  no  effect  on  interferon 
indue t ion ^ ^ . We  began  a survey  of  the  effects  of  a wide 


variety  of  types  of  carcinogens  and  analogues  on  interferon  induc- 
tion^ 13-20)>  0ur  resuits  to  date  suggest  a strong  correlation 
between  carcinogenic  potential  of  a chemical  and  the  effects  of 
the  chemical  on  interferon  induction^ 13-20) ^ 


MATERIALS  AND  METHODS 
MOOSE  EMBRYO  PIBROBLAST  CULTURES 

C3H/He  mice  were  originally  obtained  from  Laboratory  Supply, 
Indianapolis,  Indiana  and  then  maintained  and  bred  in  our  labora- 
tory. Fifteen  to  18  day-old  embryos  were  surgically  removed  from 
pregnant  dams,  and  then  trypsinized  to  single  cells.  The  cells  were 
next  suspended  in  Gibco  (Grand  Island,  New  York)  minimal  essential 
medium  with  10%  fetal  bovine  serum.  Second  or  third  passage  cultures 
were  used  in  all  experiments  and  were  plated  in  25  cm2  plastic  tis- 
sue culture  flasks.  Cultures  were  immediately  used  after  reaching 
conf  luency d3-19)  . 


MOUSE  SPLEEN  CELL  CULTURES 

Female  6-8  week  old  Swiss/Webster  mice  were  obtained  from  Labo- 
ratory Supply  Company,  Indianapolis,  Indiana.  Cultures  of  5 x 106 
spleen  cells  were  prepared  in  1 ml  of  RPMI-1640  medium  (Gibco,  Grand 
Island,  New  York)  supplemented  with  1%  fetal  bovino  serum  and  5 x 
10“SM  2-mercaptoethanol ^ . 


CELL  VIABILITY  DETERMINATION 

Cell  viabilities  were  determined  by  trypan  blue  dye  exclu- 
sion^20). 


PRODUCTION  OF  ALPHA/BBTA  INTERFERON 

Alpha/Beta  interferon  was  induced  in  mouse  embryo  fibroblast 
cultures  by  stimulating  with  50  ug  of  poly  I:C  for  60-90  minutes, 
and  then  adding  additional  fresh  tissue  culture  medium.  In  some 
cases,  Newcastle  disease  virus  was  the  inducer.  DEAE-dextran  was 
included  to  insure  maximum  interferon  production.  Tissue  culture 
supernatants  were  harvested  at  24  hours  and  assayed  for  interferon 
antiviral  activity^  . 


* 


16 


PRODUCTION  OK  GAMMA  INTERFERON 


Moust*  spleen  coll  cultures  wore  st.  imuln  t « *<i  with  84  u f of 
hemagg  l ut  l nin-P  and  i ncuha  tod  for  8 da  vs  at  8 7°C  in  5"  CO?, 
supernatants  were  then  harvested  and  assayed  for  interferon 
activity* . 


ph  v t o- 
C.,1  t u re 


INTRRPKRON  ASSAY 


Antiviral  titers  were  measured  hv  performing  a plaque  reduction 
assav  on  mouse  L-929  cells  with  the  Indiana  strain  of  vesicular  sto- 
matitis virus  as  the  test  virus*^*^.  The  antiviral  titer  correspon- 
ded to  the  reciprocal  of  the  furthest  dilution  of  test  sample  that 
reduced  virus  plaques  hv  50% . In  this  assav,  one  interferon 
antiviral  unit  is  equivalent  to  0.88  NTH  0-002-904-511  reference 
uni cs. 


STATISTICAL  ANALYSIS 

The  data  were  analyzed  hv  means  of  Student's  t-test.  P values 
of  <0.05  were  required  for  statistical  significance. 


RESULTS 

EFFECTS  OF  CHEMICALS  ON  ALPHA /BETA  INTERFERON 

Mouse  embryo  fibroblasts  were  pretreated  with  chemicals  and 
then  challenged  to  induce  alpha/beta  interferon  as  described  in  the 
protocol  in  Figure  1.  Several  pairs  of  different  tvpes  of  probable 
carcinogens  and  poor  or  non-carcinogens  were  included.  In  all  cases 
except  two,  benzidine  and  diethvlstilhestrol , carcinogen  pretreat- 
ment si^nif icantlv  decreased  alpha/beta  interferon  production  (Table 
\ Since  the  interferon  assay  is  a titration,  a statisti- 
cally significant  decrease  of  50%  or  greater  as  compared  to  a 
solvent-only  control  was  required.  Poor  or  non-carcinogens  had  no 
effect  on  'alpha/beta  interferon  induction  (Table  1)*  13-19")  . No 
effect  on  viability  was  observed  after  anv  of  the  chemical 
treatments . 
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PREPARE  CELL  CULTURES 
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♦ 

ADD  CHEMICAL 
INCUBATE  24  HOURS 


♦ 

WASH  CELLS 


ADD  INTERFERON  INDUCERS 


INCUBATE  24  HOURS 


♦ 

HARVEST  SUPERNATANTS 


1 

PERFORM  INTERFERON  ASSAYS 

Pigure  1.  Protocol  for  determination  of  the  effects  of  carcinogens 
on  interferon  induction. 


EFFECTS  OF  CHRMICALS  ON  GAMMA  INTERFERON 

7 , 12-dimethvloenz-( a ) anthracene  (DMBA)  was  added  to  spleen 
cell  cultures  prior  to  induction  of  gamma  interferon.  Gamma  inter- 
feron production  was  significantly  inhibited,  hut  in  this  case 
viability  was  slightly  reduced  (data  not  shown)^2(^.  When  DMBA  was 
added  to  target  L-929  cells  together  with  exogenous  gamma  interfer- 
on, no  effect  on  the  antiviral  activity  of  the  gamma  interferon  was 
observed . 
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TAH1.K  1 


. kkkkctx  ok  i*akci noc'.kns  and  anal* ><;uks  on 

INTKNKKUON  INDUCTION 


Chen lea  1 

In  vlvo“ 
Carcinogenic 
Potent lal 

Kf  fee  t on 
Interferon 
I nduc t Ion 

Minimal 
K f fee t i ve 
Coneen t ra  t i < 

B-Proprlo lace  tone 

► 

NSb 

T -ttuty rolacetono 

- 

-r>2% 

too  uM 

Pyrene 

NS 

-- 

Benzo-(a )-py rene 

♦ 

-90% 

0.05  liM 

1-naphthvlamlne 

- 

NS 

2- naphthyl amine 

•f 

-56% 

100  pH 

Anthracene 

-? 

NS 

— 

7, 12-dlmethvlbenz  (a) 
anthracene 

+ 

-86% 

A pM 

9, 10-dlmethylanthracene 

♦ ? 

-50% 

100  pH 

Chloroethanol 

NS 

-- 

Chloroacetlc  acid 

- 

NS 

— 

Chloroacetaldehyde 

- 77 % 

0.005  pH 

Kthyl  methanesul fonate 

-? 

NS 

— 

Methyl  methanesul fonate 

4- 

-91% 

0.05  pH 

1,1, 1-Trlchloroethane 

_ 

NS 



Chloroform 

+ 

-54% 

100  pM 

Amorphous  Nickel  Sulfide 

-? 

NS 



Crystalline  Nickel  Sulfide 

f? 

-75% 

2 PK/ml 

3,3'-5,5'-tetramcthylbenzldlne 

_ 

NS 



Benzidine 

•f 

NS 

— 

2-aml no fluorine 

4- 

-Bl% 

0.005  pM 

Aflatoxln  Bi 

4- 

-93% 

0.05  uM 

Number  4 fraction  tobacco 
smoke  condensate 

4- 

89% 

1 0xc 

Sytrene  oxide 

+ ? 

-90% 

0.05  uM 

2-methylqulnollne 

+ ? 

-79% 

0.01  p¥ 

4-amlnobl phenyl 

4- 

-73% 

0.01  pH 

Hydrazine  sulfate 

4- 

-72% 

0.01  pM 

Anl  1 Ine-IICl 

■f 

-75% 

0.01  pM 

Dlethylstl lbestrol 

NS 

— 

Isobutyl  Nitrite 

+? 

61% 

0.01% 

"RUSH"  (Recreational 
lsohutylnltrl to) 

+ ? 

62% 

0.01% 

Ascorbic  Acid 

NS 

— — 

Glycine  T (.euclnc 

-? 

NS 

— 

Glycine  T Isoleuclne 

-? 

NS 

— 

a 

b 

c 


Data  from  reference's  13,  14,  and  22 
NS  " Not  a significant  decrease. 
Arbitrary  laboratory  concentrations 


DISCUSSION 


l’r«*t  i«*;i  lavn  t nt  hi*  mi  so  embryo  fibroblasts  with  a variety  of  car- 
cinogens resulted  m significant  depress  ion  ot  a Intut/ beta  i nt^rtcrott 
induction  by  poly  1:C  or  Newcastle  disease  viris^  . Treatment 

of  ttio  cells  with  poorly  or  non-care  tnogenlc  analogues  bud  no 
significant  effect  on  Interferon  induction. 

Of  the  3-1  chemicals  tested,  only  the  following  were  exceptions: 
Benzidine,  a carcinogen,  had  no  effect  on  interferon  induction. 

This  may  be  due  to  insufficient  activation  of  benzidine  by  the  mouse 
embryo  fibroblasts^'^.  Diethyls tLLhestrol  (DKS)  also  had  no  effect 
on  interferon  induction.  The  lack  of  effect  of  DKS  may  have  been 
due  to  the  apparent  unique  mechanism  of  carcinogenic  action  of  this 
chemical.  DKS  appears  to  act  through  an  hormonal  action  and  is  not 
usually  mutagenic  to  bac ter ia^ ^ ^ . 

Gamma  Interferon  induction  was  also  inhibited  by  carcino- 
gens . Since  many  different  types  of  carcinogens  apparently 
affect  the  production  of  different  types  of  interferons,  it  is  pos- 
sible that  multiple  mechanisms  may  have  been  involved.  Viability  of 
the  cell  cultures  was  not  dramatically  affected  and  virus  replica- 
tion was  not  depressed  by  carcinogen-treatment^*) . Therefore,  it  is 
unlikely  that  carcinogen  treatment  resulted  in  a non-specific  gen- 
eral toxic  shutdown  of  cellular  metabolism.  Other  induced  proteins 
in  addition  to  interferon  may  also  be  affected. 

Since  carcinogen  treatment  had  no  effect  on  preformed  exogenous 
interferon  w , it  is  unlikely  that  the  carcinogens  were  bound  to 
the  interferon  inactivating  it..  Rattier,  it  is  likely  the  carcino- 
gens affected  the  actual  interferon  production  mechanism.  The 
carcinogens  may  be  binding  to  cellular  nucleic  acids,  preventing  the 
production  of  Interferon. 

The  results  of  the  present  study  suggest  a high  correlation 
between  carcinogenic  potential  of  a chemical  and  suppression  of 
Interferon  induction.  After  extensive  further  testing,  inhibition 
of  Interferon  Induction  may  prove  useful  as  part  of  a battery  of 
screening  tests  for  carcinogenic  potential  of  chemicals.  This 
system  has  the  advantages  of  using  fibroblasts,  which  may  be  primary 
target  cells  for  carcinogens  in  vivo,  and  being  relatively  straight- 
forward to  Interpret.  As  assays  for  interferon  improve  with  the 
development  of  radLolmmune  assays  and  enzyme  linkcd-immunoass.ays , 
inhibition  of  Interferon  assays  may  be  readily  performed  in  a number 
of  laboratories. 
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